A new fungicidal system composed of ferrous ion, H202, and iodide is described and compared with the myeloperoxidase-hydrogen peroxide-halide system. Both systems had similar activity against Aspergillus fumigatus spores and the Candida albicans yeast phase, but only the ferrous ion-hydrogen peroxide-iodide system was inhibited by hydroxyl radical scavengers.
paper, we compare the fungicidal properties of MPO-hydrogen peroxide-iodide (MPO system) with that of Fe2+-hydrogen peroxide-iodide (Fe2+ system) against Aspergillus fiimigatus spores and the Candida albicans yeast phase.
A. fumigatus spores were harvested from a previously described isolate as in prior studies (3) . Killing of spores was determined by inhibition of germination performed in a final volume of 100 ,ul of 20 mM sodium acetate buffer (pH 5.5) in flat-bottomed microwells (Corning Glass Works, Corning, N.Y.) containing 1.0 x 103 spores. MPO was prepared from canine pus neutrophils by the method of Agner (1) through the end of the sixth step and assayed by the o-dianisidine method. One unit of MPO uses 1 pmol of substrate per min at 25°C (13) . MPO was used at a concentration of 10 mU/ml.
Fe2+ was added as 10 F.M ferrous sulfate. Microwell plates were centrifuged at 1,000 x g for 3 min and then placed on a shaker at 37°C and incubated for 1 h. Plates were subsequently centrifuged at 4°C, 1,000 x g for 5 min, the supernatant was gently aspirated, and 200 ,ul of Sabouraud broth containing 100 U of penicillin and 100 ,ug of streptomycin per ml was added. The centrifugation and washing steps were repeated twice, and the plates were incubated at 22°C for 20 h. Percent germination was then determined by counting the number of germinated spores among the first 100 organisms per well from randomly selected fields with an inverted The Fe2+ system, but not the MPO system, was inhibited by the hydroxyl radical scavengers mannitol and ethanol and the iron chelator EDTA (Table 2 ). In contrast, the MPO system was inhibited by concentrations of azide known to inhibit MPO. Catalase inhibited both systems, confirming the requirement for H202. When the pH of the 20 mM acetate buffer was varied, both systems completely inhibited germination at pH 4.5 through 6.0, pHs which are thought to be attainable in phagocytic vacuoles (7, 19) . At pH 6.5, inhibition of germination was reduced by 30% with the Fe2+ system and 76% with the MPO system, and neither system inhibited germination at pH 7.0. H202 and iodide without MPO or Fe2+ failed to inhibit germination in the pH range and concentrations tested.
The ability of both the Fe2+ and MPO systems to iodinate A. fumigatus conidia was demonstrated with an iodination assay as described by Klebanoff and Clark (14) but modified for use in a cell-free system. In a final volume of 1 ml of 20 mM sodium acetate buffer (pH 5.5) 2 x 106 spores, 100 nCi of [125I]Na, 10 ,uM Nal, 100 ,uM H202, and either 50 mU of MPO or 10 ,uM Fe2+ were added to borosilicate culture tubes (12 by 75 mm; Fisher Scientific Co., Pittsburgh, Pa.) and incubated at 37°C with shaking for 1 h. The tubes were centrifuged at 4°C, 1,000 x g for 5 min, the supernatant was discarded, and the spore-containing pellet was washed four times with 4 The results presented here establish Fe2+ as a component of a potent fungicidal system comparable in activity to the MPO system against spores of A. fumigatus and C. albicans blastospores. Both systems were also active against Rhizopus oryzae spores (data not shown). Klebanoff (11, 12) proposed that Fe2+ reacts with H202 to generate hydroxyl radical, which then reacts with iodide to form the toxic product(s) of the Fe2+ system. Our observations of inhibi- (5, 6) . By analogy, trapping mechanisms might exist which enable macrophages to utilize the Fe2+ system. Although the iodide concentration necessary for fungicidal activity of the MPG and Fe2+ systems far exceeds those present in serum (less than 1 p.g/100 ml), leukocytes have efficient iodide-concentrating mechanisms and may contain sufficient intracellular iodide for the system to be operative (9) . Finally, the combined sporicidal activity of the Fe2+ system in vitro could potentially constitute a useful method for control or elimination of these difficult-to-eradicate fungal forms. 
